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§6. Observation of Plasma Hole in a Rotating 
Plasma, II: Structure of Plasma Potential 
Yoshimura, S., Tanaka, M.Y., 
Nagaoka, K., Okamoto, A., Ishihara, T., Hara, K. 
(Nagoya Univ.) 
Structure formations in fluids can be frequently 
found in nature. Typhoon and the great red spot on 
Jupiter are known as the typical cases. The rotation of 
the fluid plays an important role in their emerging 
processes. On the other hand, magnetized plasmas 
should be regarded as rotating fluids, where the rotation 
is driven by the internal electric field perpendicular to 
the magnetic field. Recently, macroscopic structure 
referred to as plasma hole has been observed in an ECR 
plasma. The plasma hole is characterized by the steep 
density gradient in the transition layer and the flow 
structure, which is qualified as a monopole vortex with 
sink. In order to investigate detailed characteristics of 
the plasma hole, we have measured the plasma potential 
profile using an emissive probe. 
The emissive probe has been constructed as follows: 
the emissive filament is a small loop of 0.2mm diam 
tuntalum wire welded to 0.8mm diam tungsten rods, 
which are mounted in a two-hole ceramic insulator. We 
have adopted the floating emissive probe method, in 
which the circuit is grounded through a high impedance 
load resister. As the electron emission from the heated 
filament becomes sufficiently high, the probe potential 
comes to indicate the plasma potential directly. 
A typical potential profile of the plasma hole is 
shown in Fig. 1, in which two distinctive features can be 
seen. The potential has a bell-shaped structure and 
sharply increases toward the center, at which its value 
exceeds 100V corresponding to the fivefold value of the 
electron temperature. The drastic increase begins from 
the position x-40mm, where the density profile has the 
steepest gradient characterizing the plasma hole. 
Another feature can be seen as the bumpiness of the 
potential profile in the interface between the hole and 
ambient plasma, showing alternation of the electric-field 
direction. We have also measured the two-dimensional 
potential profile, and it is confirmed to be axisymmetric. 
Since the plasma hole has a strong self-electric field 
compared to ordinary plasmas, the fairly deviance from 
quasi-neutral condition is implied. This deviation can be 
evaluated from the Poisson's equation: e
0
V 2</J =-eon, 
where 0 n = nj - n e • Assuming the magnitude of the 
potential <P ~ k8 J'. I e , where k8 is the Boltzmann 
constant, and the characteristic scale-length L, we have 
the excess-particles ratio to the mean density as 
On In- (.AD I L r' where AD is the Debye length. The 
typical value of On I n is estimated as ""'10-6 under our 
experimental conditions (T. -20eV, L=15cm and n -1.0 
x 1011cm-3). The actual deviation determined from the 
experimental result, however, is considerably greater 
than the expected value, as shown in Fig. 2. The 
quantity on I n attains its maximum value ( -8.0 X 
10-4) within the hole region, which is two orders of 
magnitude higher than that of usual plasma. Moreover, 
the electron-rich region is evident in the interfacial layer 
(35-SOmm). It is concluded that the plasma hole has the 
complicated structure such that the non-neutral hole 
plasma is connected to the ambient plasma by the 
electron-rich interface. 
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Fig. 1 Potential profile of the plasma hole. 
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Fig. 2 on I n profile of the plasma hole. 
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